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Description 

The invention pertains to the field of scanning tunneling microscopes, and more particuiarly, to the field 
of integrated versions of same. 
6 Scanning tunneling microscopes were first invented by a team of researchers from IBIW (Binnig and Rohr- 
er). The basic concept of a scanning tunneling microscope is to place a very sharp, conducting tip having tip 
dimensions on the order of the size of 1 atom in diameter dose to a conductive surface. If the tip is brought 
very close to a conductive surface, i.e., within the space of the diameters of several atjgms, (approximately 
within 5 angstroms), a tunneling current flows between tte tip and the surface. That is, the probability density 
10 function of ^ectrons for atoms in the tip overlaps in space the probability density funcHon of electrons for 
atoms on the surface. As a result, tunneling occurs in the form of electron current flow between the tip and 
the surface if a suitable bias voltage between these two condurtors is applied. 

The magnitude of the tunneling current is exponentially dependent upon the distance between the tip and 
the surface, if the distance between the tip and the surface increases by only 1 angstrom, the current is reduced 
16 byafactorof10.Typlcally,100millhfoitsofblasvoltagowlliprwide1nanoampereofcurrentforatiptosample 
spacing of a few angstroms. 

This tunneling current phenomenon can be used to take an image of the surface. To do this, the tip must 
be placed very dose to the surface and must be moved in raster scan-like fashion across the surface while 
maintaining the relative distance between the tip and the surface. The tip must be moved up and down to follow 
a> the contour of the surface to maintain a relatively constant distance between the highest point on the surface 
and the tip. This distance must be accurately maintained to be within the tunneling overlap distance to maintain 
constant cun-ent flow. As the tip is scanned across the contour of the surface, an Image of the surface contour 
may be built up by keeping trade of the movements of the tip. Typksally this process of tracking the tip movement 
is done by keeping track of the voltage applied across a piezoelectric transducer which moves the tip to main- 
25 tain the constant distance between the tip and the surface. Typfcally the apparatus that controls the tip distance 
monitors the current flowing between the tip and the surface and controls a mechanical system to move the 
tip in ajch a manner as to stabilize the current flowing between the tip and the surface at some steady state 
value. Thus, changes in the current will result in changes in the distance between the tip and the surface so 
as to counteract the changes in the current and stabilize it at a steady state value. Thus, changes in the drive 
30 signals to the tip movement mechanism track changes in the surface contour as the height of the tip above 
the surface is adjusted to maintain constant current. 

A cdlectton of papers defining the state of the art in scanning tunneling microscopy is published in the 
IBI^ Journal of Research and Development. Vol. 30, No. 4, pages 353-440, July 1986. In an artlde entitled 
"Scanning Tunneling Microscopy" by Binnig and Rohrerat pages 355-369 of that journal, a scanning tunneling 
35 microscope is depicted in Figure 2 using a piezoelectric tripod. This tripod consists of 3 piezoelectric rods of 
material joined at a junction; each rod expands and contracts along one of 3 Cartesian coordinate axes. The 
tip is mounted at the junctton of the 3 rods. The tip is brought into proximity of the surface by a rxxigh positkmer. 
Thereafter the piezoelectric tripods are used to scan the tip across the surface to develop an image of that 
surface. The collection of papers in the IBM Journal of Research and Development shows scannli^ tunneling 
40 microscopy as being done with laigescate apparatus. 

One reference teaches an integrated form of a scanning tunneling microscope. This reference is European 
Patent Application Pubiicatton No. 0194323A1 published 17 September 1986 based on European Application 
85102554.4 filed 3 My 1985. This patent applicatton describes a scanning tunneling microscope integrated 
on a semiconductor chip into whksh stota are etched to form a center portion cantilever. The slots are etehed 
« to have mutually orthogonal directtons to aHow the center portion to perform movemente in the X and Y direc- 
tton under the control of electrostatic forces created between the stripes defined by the stots and their opposite 
walls. A protruding tip is formed on the center portton which is capable of being moved in the Z directton by 
means of electrostatic forces. Electrostatic forces are not Meal for tip movement to obtain maximum accuracy. 
Also, the integrated STM described in the European Patent Appiicatton cited above wouki be diff iortt to auo- 
50 cessfully fabricate. 

Thus, a need has arisen for an integrated version of the scanning tunneling microscope using piezoelectric 
means for movii^ the tip. 

The present Invention provides an integrated scanning tunneling mtarosoopo comprising a motion trans- 
ducer integrated on a substrate and having a protruding oonductivB tip. terminating in a point; means coupled 
55 to said motion transducer for hdding a conductive surface at a f faced position dose to said conductive tip such 
that movement of said motion transducer is sufficient to bring saM conductive tip within tunneling range of saki 
conductive surface; bias means for applying a bias potential between saki tip and said conducth^e surface suf- 
fident to cause tunneling current to flow between saW tip and saM conductive surface; sensing means forsens- 
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ing the magnitude of the tunneling currentflow; and control means coupled to said bias means and said motion 
transducer to position said tip so as to adjust said tunneling current; characterized by said mcrtion transducer 
comprising a three-axis movenront pilezoelectric bimoiph cantilever attached to said substrate at one end with 
said tip positioned at a second end of said cantilever, said bimorph cantilever including a first plurality of elec- 
trodes, a second plurality of electiodas. two layers of piezoelectric material sandwiched between said first and 
second plurality of electrodes, and an electrode sandwiched between said two layers of piezoelectric material; 
wherein said bimorph cantilever moves in response to potentifds applied to said electrodes; and said control 
means including means for apply voltage potentials to said electrodes of said bimorph canglever so as to move 
said tip. 

The present Invention also provides a method of ftmiilng an intonated scanning tunneling microscope 
comprising fabricating a motion transducer integrally with a substrate; growing on said motion transducer a 
protruding conductive tip, terminaUng in a point; positioning a conductive surface at a fixed position dose to 
said conductive tip such that movement of said motion transducer is sufficient to bring said conductive tip within 
tunneling range of said conductive surface; providing bias means for applying a bias potential between said 
tip and said conductive surface sufficient to cause tunneling current to flow between said tip and said con- 
ductive surface; and providing sensing means fbrsensing the magnitude of the tunneling current flow; char- 
acterised by said motion transducer fabricating step fabricating a piezoelectric bimorph cantilever integrally 
with said substrate at one end with said tip positioned at a second end of said cantilever, including the steps 
of depositing a first conductive layer on said substrate and patterning said firet conductive layer into a first 
plurality of electrodes; depositing a first layer of piezoelectric material over said ffrst conductive layer depos- 
iting a second conductive layer over said first layer of piezoelectric material; depositing a second layer of pie- 
zoelectric material over said second conductive layer depositing a third conductive layer over said second lay- 
er of piezoelectric material and patterning said third conductive layer Into a second plurality of electrodes; re- 
moving a portion of said substrate from below said first conductive layer such that said bimorph cantilever 
has said one end attached to said substrate and said second end in free space; and providing control means, 
coupled to said bias means, sensing means and said eiecrodes, for adjusting the potentials applied to said 
electrodes so as to nrave said tip. 

According to the teachings of the invention, there is disclosed an Integrated scanning tunneling microscope 
using a piezoelectric bimorph cantilever for the necessary tip movement 

In one embodiment, a layer of spacer material which will later be removed, is placed over the surface of 
a silicon or other substrate. Thereafter, a layer of conductive material is formed on the spacer layer and pat- 
terned to fbrni three separate electrodes. Then a layer of piezoelectric material is formed over the three elec- 
trodes and another layer of conductive materid is fornied over the layer of piezoelectric material. A second 
layer of piezoelectric material Is then formed over the midde conductor. Finally, a third conductive layer Is 
fonmed over the second piezoelectric material layer and is patterned to form three separate electrodes which 
are aligned with the three separate electrodes of the bottom-most conductive layer. Then a sharp, conductive 
tip is formed on the center electrode on the uppermost oonduoth« layer. This tip is famed by evaporation de- 
position of a conductive material through a shadow mask. The evaporaGon depositbn fonms a cone of material 
of ever decreasing diameter on the center, top electrode. The ever-decreasing diameter results as the materkil 
landing on the shadow masi< slowly closes off the hole in the mask above the point where the tip is being formed. 

After the foregoing structure Is formed, the sides of the piezoelectric material are etched away to form the 
bimorph lever. This etching is performed in such a manner that sufficient piezoelectric material is left on the 
sides to completely encase the center electrode. This etching of the piezoelectric material is done by first de- 
positing a layer of titaniumftungsten metal and patterning this layer to act as an etch mask. This layer of metal 
is patterned using conventtonal photolithography techniques to define where the edge of the piezoelectric ma- 
terial Is to be. After the metal etch mask is fbrmed. the zinc oxMe piezoelectric material etched using the 
metei mask as a guWe. If other piezoetectric materials are used which may be etched with good resolution, 
this step of depositing and forming a metal etch mask may be eliminated. Zinc oxide is a piezoeleqtric material , 
which cannot easily be etched with good resolution. The step of forming the metal etch mask substantially im- 
proves the resdutipn which may be obtained in etching the zinc oxide material. "Resolution" as the term is 
used here is intended to specify the degree of control over the position of the edge of the zinc oxide. 

After the piezoelectric material has been etehed, the spacer material underlying the entire structure is re- 
moved. This spacer material is removed only up to the point where the cantilever bimoiph is to be physically 
attached to the substrate. Removal of the spacer material causes the bimorph canHlever to extend out from, 
its attachment point over the substrate with an air space between the bottom of the bimorph and the top surface 
of the substrate. This allows the bimorph to move up and down normal to the surface of the substrate by the 
effect of the piezoelectric material thereby aHowing the tip to be moved. The existence of four paira' of electro- 
des and two layers cf piezo material in this embodiment, allows three axis movement of the tip to be obtained. 
3 
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To operate the structure just described so as to cause the tip to make raster scannli^ movements, various 
voltage combinations are applied to the four pairs of electrodes formed by the middle layer electrode and the 
outer elet^rodes on the bottom and top electrode layers. By suitably oontiolting the voltages applied to these 
four electrode pairs, the tip may be made to move along any of the three axes in a Cartesian coordinate system. 

In dternative embodiments, a cantilever structure having two anns each having two piezo layers but only 
two pairs of electrodes, formed as previoudy described, may be fabricated so as to extend out over the sub- 
strate from their attachment points and to intersect each other at a 90° angle and to be joined at the intersection. 
These two arms may then be controlled in a similar manner to the manner described atjpve for a single arm 
structure to move the intersection point along any of the three axes of a Cartesian cooid'inate system. In an 
alternative embodiment, two conductive tips may be formed at the end of the bimoiph and the voltages applied 
to the electrodes may be manipulated so that the tip of the bimoiph rotates to provide independent Z axis motion 
for each tip and synchronous X and Y motion for both Ups. 

An alternative, and prefenred, embodiment of the method fbrfbrming the Wmorph piezoelectric transducer 
structure described above, is to fonm the multilayer structure directly on a silicon substrate without any spacer 
material as described above but to free the bimorph canfllever from the «jbstrate by etching through to the 
under surface of the cantilevered bimorph from the back side of the wafer. 

A scanning tunneling microscope according to the teachings of the invention may be made by using any 
of the processes described herein to manufacture a bimorph tip movement structure and then placing the tip 
sufficiently close to a conductive surface to be scanned such as by atteching to the substrate on which the 
bimorph Is Integrated another wafer containing the conductive surface to be scanned. Suitable known control 
circuitry may then be integrated on either substrate If it is of semiconductor material to sense the tunneling 
cunrent and to control the voltages applied to the electrodes of the bimorph. 

The sranning tunneling microscope structures in integrated form 'described herein have many potential 
applicatkNis including imaging at the atomic level, atomic scale ilthography and mass storage. Mass storage 
systems of very high density can be formed using such a structure by defining a discrete number of "cells" 
within the raster scannable surfece of a conductive plane formed adjacent to the tip. Each cell constitutes one 
memory location. Each memory location is written as a 1 or 0 by depositing a molecule of sufficient size to 
be detected by the scanning tunneling microscope within each cell to fonn a 1 and not depositing such a mol- 
ecule in the cell to form a 0. As the scanning tunneling microscope raster scans over such a surface, those 
cells wherein molecules are deposited are read as ones as the tip is forced by its control system to move away 
from the surface to maintain a steady tunneling cun-ent as the tip passes over the molecule. Essentially, the 
molecule forms a "hill" in an otherwise smooth surface. This hill causes the diatence between the tip and the 
top of the molecule to decrease, thereby substantially increasing the tunneling current. The control system de- 
tects this increase and sends the appropriate voltages to the bimorph cantilever to cause the tip to move away 
from the surface sufficiently to bring the tunneling current backdown to the constant level for which the system 
Is calibrated. This nwvoment of the tip or change in the volteges sent to the bimorph electrodes is detected 
and read as a logic 1. Other circuitry keeps track of the tip position and signals as each new cell is traversed. 
Thus, such a movement of a tip as It traverses a particular cell can be read as a 1 and lack of movement as it 
traverses another cell can be read as a 0. Such mass storage ^ems have the potential lor tremendous In- 
formation borage density because of the small, atomic scate dimensions involved. 

Imaging applkatlons of such a scanning tunneling mioroscope provide the ability to see the characteristics 
of surfaces on an atomic scale with greater resolution than has heretofore been attained. This allows the ex- 
aminatton (rf such surfaces as semiconductor substrates during various stages of processing for research and 
development or quality control purposes. Vast numbers of other applications will be appreciated by those skil- 
led In the art 

Figure 1 is diagram of typical scanning tunneling microscope system. 

Figure 2(a) and 2(b) are a view of a prior art discrete, large scale scanning tunneling mferoscope Invented 
bylBM. , . 

Figures 3-10 are successive cross sectional views along the transverse axis of the bimorph cantilever of 
the intermediate stages in a first process of fabricatfon crfthe preferred structure for an integrated single arm 
bimorph cantilever with tip for a scanning tunneling microscope according to embodiments of the Invention. 

Figure 11 is a cross sectional view of the final scanning tunneling microscope prefenred structure taken 
along the longitudinal axis of the bimorph cantilever. 

Figure 12 is a plan view of the one ann cantilever bimorph structure accoixling to a preferred embodiment, 
of the invention. 

Figure 1 3 is a diagram (rf the four paira of efectrodea 1 in the one arm cantilever bimoiph used to explain 
how three axis motion Is achieved. 

Figure 14 is a table of the various voltages that be applied to achieve motfon in any particular axis. 
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Figuras 15-20 are cross sectional diagrams longitudinally through one arm of an ai 
morph piezoelectric cantilever according to one embodiment of the invention. 

Figure 211s a transverse cross section of the bimorph construction in tvro arm blmorph embodiments. 

Figure 22 is a plan view of a two arm bimorph embodinmnt of the invention with no control circuitry inte- 
grated on the substrate. 

Figures 23-33 are cross sei^ional views of intermediate stages in the preferred process for construction 
of an integrated piezoelectric transducer and scanning tunneling microscope having either the preferred struc- 
ture shown In Figure 10 or the two arm structure shown in Figures 20 and 22. 

Figures 34(a) and (b) through 36(a) and (b) represent the types of X, Y and 2 axis motion that can be ach- 
ieved with single tip.bimorphs having the structurs shown hi cross section in Figure 10. 

Figures 37(a) and (b) represent the types of rotational motion that can be achieved in two tip embodiments 
using a bimorph having the construction shown in Figure 10 to provide independent Z axis motion and syn- 
chronous X and Y motion. 

Before discussing the detai Is of the preferred and alternative embodiments of the integrated piezoelectric 
transducer, a scanning tunneling microscope (STM) using this transducer and methods for making these struc- 
tures, it would be helpful to understand the teachings of the invention to explore the current state of the prior 
art in STM's. Figure 1 depicts a prior art scanning tunneling microscope system which can be integrated ac- 
cording to the teachings of the invention. In Figure 1 , a conductive surface 1 0 having topographical features 
1 2 and 14, etc., is scanned by a conductive tip 16. This tip is very narrow at its point, and preferably terminates 
In a single atom at the point 18. 

The point 1 8 is scanned over the conducth« surface 10 by a pie^ectric transducer 20. The purpose of 
this piezoelectric transducer Is to scan the tip over the surface by defining a plurality of raster scan lines In 
the X-Y plane. The transducer 20 also moves the tip back and forth along the Z axis as the tip is scanned in 
the X-Y plane so as to maintain a distance between the point 1 8 and the uppermost portion of the topographical 
feature over which the tip currently resides at a more or less constant distance. This distance is usually around 
1 to 1 0 angstroms, and must be within the overlap region of the probability density functions of the electrons 
for the atoms in the point 18 and the atoms hi the uppermost regkms of the topographical feature over which 
the tip currently resides. As long as the distance between the tip and the surface is within the overlap region 
of the probability density functions (tunneling range - usually less than 10 angstroms) and a bias voltage is 
applied across this junction, a tunneling cunnentwill flow between the tip 18 and the conductive surface. This 
tunneling cunrent is symbolized by the arrow If 

The magnitude of the tunneling current I,- Is exponentially related to the distance between the tip and the 
surface. The magnitude of the tunneling current will decrease when the distance becomes larger and increase 
when the distance becomes smaller. To cause this tunneling current to flow, a bias voltage is applied between 
the tip 16 and the conductive surface 1 0 by a bias voltage source 22. A cun-ent sensor 24 senses the magnitude 
of the tunneling cun-ent Ij and outputs a feedback signal on line 26 which is proporttonal to the magnitude of 
the tunneling current. Afeedback circuit in control system 28 receives this feedback signal and generates suit- 
able piezotransducer driving signals on the bus 30 to cause the piezoelectric transducer to move the tip 16 in 
such a manner as to maintain the tunneling current It at a relatively constant value. The oorftrol system 28 
also generates suitable piezoeledrte transducer driving signals on the bus 30 to cause the tip 16 to be raster 
scanned across the conductive surface. 

Figure 2 is a diagram of a typteal scanning tunneling microscope prior art structure as developed by IBM 
and as discussed in the above cited IBM Journal of Research and Pevetopment Figure 2 shows the mechanical 
details of the structure. The microscope tip T Is scanned over the surtace of a sample S with a piezoelectric 
tripod (X, Y, 2) in Figure 2(a). Arough posittoner L brings the sample within reach of the tripod. Avibration filter 
system P protects the instrumentfrom external vibrations. In the constant tunnding current mode of operation, 
the voltage Vz Is applied to the Z piezoelectric element by means of the control unit CU depicted in Figure 2(b). 
The control unit keeps the tunneling current constant while the tip is scanned across the surface by altering , 
the control voltages Vx and Vy. The brace of the tip generally resembles the surface topography. Inhomoge- 
neities in the electronic structure of the sample's surface also produce structure in the tip trace. This is illu- 
strated on the right half of the sample S as two surface atoms which have excess negative charge. 



Referring to Figure 3 there is shown an integrated structure representkig an intermediate stage after the" 
first several steps in a process for making an integrated scanning tunneling microscope using an Integrated 
piezoelectric transducer. Fabricatfon starts with a substrate 32. Preferably this substrate is silicon or some 
other substrate suiteble for ftmning Integrated electronic circuits. However, the substrate may be any other 
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material which is chemically, mechanicaUy and thermally compatible with the materials which will be fommd 
on top of the substrate. It is preferable to make the substrate 32 of a semiconductor material so that the control 
circuitry which will be used to cause the tip movement via the piezoelectric bimorph can be formed on the same 
substrate as the bimorph itself. 

The first step in the fabrication sequence is to deposit a spacer layer 34 under the portion of the bimorph 
that is to be cantilevered. The bimorph will be attached to the substrate at the end opposite the tip, so no spacer 
malenai is formed in this attachment region. This spacerlayer wtll later be removed to provide a space between 
the uppermost surface (most positive Z coordinate) of the substrate 32 and the undersuc&cs (most negative 
Z coordinate) of the piezoelectric bimorph which will be formed on top of the spacer layer 34. This will provide 
a clearance space for the piezoelectric bimorph to move along the Z axis. Preferably the spacer material is 
titanium, titanium tungsten or pdyimide. This spacer layer must be of a material such that it can be selectively 
etched without having the etchant attack the material of the substrate 32 or the material of the overlying eie» 
troda and piezoelectric material layers. This dass of materials will be hereafter referred to as the class 1 group 
of materials. Any material whtoh can be selectively etched without attacking the materials of the other layers 
will sufftee for purposes of practicing the im^ntlon. TItenlumftungsten altoy (10% Tfc 90% W) is a class 1 ma- 
terial selectively etchable by hydrogen peroxide if the conductors are aluminum and the piezoelectric material 
IS zinc oxide. Polyimide is another example of a class 1 material whfch can besalectively etched with an oxygen 
plasma. The thickness of the spacer layer 34 should be adequate to provide sufftelent spaoe for the bimorph 
to move in the negative Z direction. 

Next, alayerofconduoth^ematerial bdepositedontopof thespacerlayer. This layer of conductive material 
te photollthographlcally patterned and etched to form three electrodes 36, 38 and 40. The purpose of these 
^ectrodes will become dear later when the operatton of the entire structure is detailed. Note, that although 
Z^7^^^^ ^ ""^^ 36 and 40 in thef Igures. In reality the electiodes 

38. 38 and 40 are usually all the same size. This does not have to be the case however. The conductive layer 
from which the electrodes 36, 38 and 40 are fornied Is preferably of aluminum and is deposited to 0.1 to 1 0 
m thickness. The electrodes 36 and 40 are patterned to be approximately 3 to 100 jim wide each. 

I^erring to Figure 4. there is shown another Intermediate stage in the fabrication of the integrated plezo- 
etectric scanning tunneling microscope after the first layer of piezoelectric material has been deposited After 
formation of the first three electrodes, the next step in the process is to deposit the first layer of piezoelectric 
material over the entire surface of the chip. This Iayer42 la zincoxido in the preferred embodiment of the struo 
ture and is deposited to 2 n thtekness by reactive sputtering In an oxygen ambient IWethods for depositing 
zinc oxide are well known and are described In the following references which are hereby Incorporated by ref- 
erence: Rozgonyi and Pdito. Preparation of ZnO Thin Films Bv Sputtering of the C ompound in Oxygen and 
A[gon. Applied Physics Letters, pp. 220-223. Vol. 8, Number 9 (1966); Denburg. Wide-Bandwidth Hloh- 
Couplinfl Sputtered ZnO Transducers on Sapphire. IEEE Transactions On Sonics and Ultrasonics, pp.31-35 
Vol. SU-18. No. 1. (Jan. 1971); Larson et al., RF Diode Sputtered ZnO Transducers. IEEE Transactions on 
Sonics and Ultrasonics, pp. 18-22 (Jan. 1972); Shiosaki et al., Low-Freguencv Piezoelectric-Transducer An- 
phaations ofZnO Film, Applied Physics Lett., pp. 10-11, Voi.35. No. 1. (1 July 1974); Khuri-YakubetaL. Studies 
Of meOptimumCondlttons For Growth of RF-SDutte r ed ZnO Films, pp. 3268-3272. Journal of Applied p"h^ 
vol. 46, No. 8 (Aug. 1 975); Chen et al.. Thin Film ZnO-MOS Transducer With Virtually DC Response, pp. 945- 
948. 1985 Ultrasonics Symposium of IEEE; Royer et al., ZnO on Si Integrated Acoustic Sensor, pp. 357-362 
Sensors and Actuatore, 4 (1983); Kim et al., IC-Processed Piezoelectric Microohone. pp. 467-8. IEEE Electron 
)2L I***"®' ^^^^'^ « °^ conductive material 44 is deposited over 

the first piezoelectric layer 42. The purpose of this conductive layer is to form a center electrode between the 
two ayera of piezoelectric material which will be used toform the bimorph. Preferably, the layer 44 is aluminum 
and is deposited to 0.1 to I.O ^m thickness. From this layer a center electrode is photolithographicdiy formed 
to be approximately 1 0 to 200 urn wide. 

Referring to Figure 5. there is shown another Intermediate stage in the fabricatton of the Wmoiph after ttie . 
second piezoelectric layer has been deposited. This second piezoelectric Iay6r46 Is zinc oxide In the prefferred 
embodiment of the structure and is deposited to 2 ^m thfekness. Next a layer of conductive material is depos- 
tted on top of the second piezoelectric layer 46. Preferably, this layer of conductive material is approximately 
0.1 to 10 M thick aluminum. In some embodiments, an additional 1000 angstroms of gold is deposited on top 
ofthe aluminum. From this conductive layer, three electiodes 48. 50 and 52 are formed by photolithographic 
patterning. These electrodes are aligned wtth the tocations ofthe electrodes 36, 38 and 40 and have the same 
widths as those electrodes. Preferably, the electrodes 48. 50 and 52 are deposited using lift-off techniques. " 

Refenli^ to Figure 6. there is shown an Intermediate stage in the process of manufacture after the first 
few steps of the process of fonming the tip on the center electrode 50 have been performed. Fabricatton of 
metal cones by evaporation Is not a new technique, but has been prevkxjsiy described by Spindt et al.. J AppI 
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Pts^ 47, 5248 (1976). Figure 6 depicts an alternative embodiment of the tip formation process using an In- 
t^rated shadow masit 

Basically the process of fonning a tip having sufficient sharpness is best done through the use of a shadow 
mask. In Figure 6, this shadow masic is formed from layers which are deposited over the uppermost group of 
three electrodes 48, 50 and 52. In the prefenwi emtwdiment of the structure, a sepsvate wafer is processed 
to form a shadow masic with alignment Iceys, and this separate wafer is placed over the structure shown in 
Figure 5 by aligning the alignment iceys on each wafer. The separate wafer and the structure of Figure 5 are 
then processed to have lock and key physical characteristics such that the aperture in the shadow mask can 
be properly aligned over the center electrode 50. In the alternative embodiment shown fh Figure 6, the first 
stop In fonniing the integrated shadow masl( is to deposit a layer 54 of the dass 1 spacer material. Again, this 
layer 54 must be selectively etchabie by an etehant whfch vrill not attack the material of the electrodes 48 50 
and 52, or the zinc oxide of the layers 46 and 42. The layer of the spacer material 54 need not be the same 
type of material as used in the spacer layer 34. However, the material of both of these layers must be within 
the class 1 group of materials. No patterning is performed on the layer 54, and it is allowed to cover the entire 
structure. Next, a layer 56 of a class 2 material, preferably copper, is deposited over the spacer layer 64 A 
class 2 material is any material which may be selectively etched by an etohant which will not attack the dass 
1 matenal used above and below It and which can be etched away after tip formation without etching the ma- 
terial of the tip. In the preferred embodiment of the structure, the spacer layer 54 is 1000 angstroms of titani- 
um/tungsten alloy. The layer 56 of dass 2 material is preferably 2 n of copper. Next, a 5000 angstrom layer 
58 of class 1 spacer material Is deposited over the dass 2 layer 56. 

Figure 7 shows the integrated structure at an Intermediate stage during JbrmatkMi of the tip after etdiing 
of the spacer layer 58 and underetching of the dass 2 layer 56. The fbrmatton of the tip is done by evaporatton 
of a metal through a shadow mask aperture. This shadow mask aperture must be raised above the surface 
upon which the tip is to be formed so that a cone of material may be built up before the shadow mask aperture 
IS closed off by the deposition of the material on top of the shadow mask, in Figure 7, the shadow mask is the 
layer 58 and the shadow mask aperture is the opening 60 in this layer. The opening 60 is formed by using a 
selective etdiantforthe dass 1 material of layer 58 and conventional photolithographic techniques. The aper- 
ture 60 is defined to be 1-2 n and is centered over the center of the electrode 50. Generally, the size of the 
aperture 60 shoirfd be much smaller than the size of the middle electrode 50. If the dass 1 material of layer 
58 IS titanium/tungsten alloy, a suitable etehant for this selective etching step would be hydrogen peroxkle. 

Afterthe aperture 60 is etched, the copper layer 56 must be etehed back so as to underetch the perimeter 
of the aperture 60. The purpose for this underetching step is to provide dearanoe space Ibr the walls of the 
tip cone which is to be formed later. The underetohing step of the dass 2 material of layer 56 is performed 
using a selective etehant which only attacks the class 2 material, if layer 56 is copper, this etch is performed 
using the aperture 60 as a mask and using a mbcture of nitric acW, hydrogen peroxide, and water in a ratte of 
10:1:100, respectively. That is, the etehant is 10 parts HNO3 to 1 part H2O2 to 100 parts H^O. 

Referring to Figure 8, there is shown the state of the structure in the intermediate stage of conatructfon 
after fomiation of the tip but before removal of those layers which were formed in the process of forming the 
tip. Prior to the evaporatton deposition of the tip material, a thiid etch step is performed to selectively etch 
through the dass 1 material of layer 54 to form an aperture overthe center electrode 50. In some embodimente, 
a deaning step will then be performed to dean the surface of the electrode 50 to prepare it for tip deposition. 
This is done to better insure adhesion of the tip material to the electrode 50. The selective etching of the layer 
54 is performed using a timed iK|uki etch or plasma etch to expose the top surface of the electrode 50. This 
etching step also etehea a little of the layer 58 and all of layer 54 down to the electrode 50. For this reason, 
the layer 58 should be formed at least twice as thidc and preferably 3 times as thfck as the layer 54. A timed 
sputter eteh is used to clean the surface of electrode SO If needed. Where the boundary of the aperture in the 
layer 54 is relative to the boundary of the aperture in the layer 56 depends upon whether a liqukl or plasma 
etch is used to etch the layer 54. The boundary of the aperture in the layer 54 will be colocated wRh the bound- 
ary of the aperture in the layer 56 for liquW etches and will be approximately located with the boundary of the ' 
aperture 60 in the layer 58 if a plasma etch is used. 

Next, the tip 66 is fonned. In the preferred embodiment of the structure, this tip is formed by evaporation 
m vacujm of tentalum or some other dass 3 material. Any other material can be used for the tip 66 if it has 
the characteristics of a third dass of materials hereafter defined. A dass 3 material must be such that it does 
not oxidize appredably in air and it must be such that it will not be etched by the etehant used to selecth/ely 
etch the dass 2 material of layer 56. Tantalum is such a material if copper is selected for the layer 56. Other" 
possible materials for the tip would be aluminum coated with a noble metel by evaporation. Alternatively, the 
tip can be a nobte metel standing alone, or any other conductor that can be setecth^ely etohed in the manner 
described above. 
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The evaporation of the dass 3 material 62 from a point (approximately 1-5mm) located far (approximately 
10 cm) above the surface results In the formatfon of the layer 64. Note that as the evaporation continues 
through the aperture 60, the aperture In the layer 64 slowly decreases in diameter as evaporation continues 
due to condensation of the evaporated material on the sidewalls of the aperture. As the diameter of the aperture 
in the layer 64 continually decreases, so does the diameter of the cone of material in the tip 66 being fornied 
beneath this aperture. When the aperture in the layer 64 finely closes itself off. formation of the tip 66 is com- 
plete, and a very sharp tip (tip radius less than 1 000 angstroms) will have been fabricated. 

Refenrtng to Figure 9, there Is shovwi a cross section of the structure at an intemiedlate stage in the con- 
struction after lift-off of the shadow mask layers and deposition of a zinc oxide etch masklayer. Following the 
processing steps described witli reference Id Figure 8. It is necessary to remove the layara 54. 56, 58 and 64 
so as to expose the tip 6a This is done using a lift-off etch to remove the dass 2 material of layer 56. This lift- 
off etch removes all the layers above layer 64. i.e., the dass 2 layer 56, the dass 3 layer 64 and the dass 1 
layer 58. 

Next, it is necessary to etch the piezoelectric layers 47 and 42 to define the sidewalls of the bimorph can- 
tilever beam. This Is done by photolithographlcally patterning the remaining layer 54 to serve as an etch masit 
for the zinc oxide as described previously. Layer 54 is patterned to have the configuration shown In Figure 9. 
Note that the edges 70 and 72 of this layer are located along the X axis outside of the edges 74 and 76 of the 
metal electrode layer 44. The reason forthia location is to Insure that the edges 74 and 76 of the middle elec- 
trode are completely encased in the zinc oxide of the layers 46 and 42. The pwpose for this is to prevent leakage 
cunrents and arcing between the electrodes 36. 40. 44. 48 and 52 which would lower the breakdown vdtages 
and prevent the device from operating at high voltages. The purpose of formation of the etch mask 68 is to 
Improve the resolution of the etching of the piezoelectric layere 42 and 46. Etching of piezoelectric material 
such as zinc oxide using photoresist provides very bad resolution as to the exact tocatlon <rf the edge of the 
piezoelectric material relative to the edge of the photoresist. It has been found that substantial improvements 
in the certainty of the location of this edge can be mads by f Irat fbrming an etch mask of the dass 1 material 
such as titanium/tungsten alloy and then using this etch mask to guide the etching of the plezoeledric material. 
Thus, after the layer 68 Is formed, a solution of 15 grams NaNO,. 5 ml HNO3 and 600 ml hfeO Is used to etch 
the piezoi9lectric layers 46 and 42 back to the approximate locatfon of the edges 70 and 72. 

After the tip Is exposed, and the piezoelectric layere are etched, the spacer layer 34 is seledively etched 
away to free the cantilever. 

Figure 10 shovre in cross section the preferred final piezoelectric bimorph transducer structure in Integrat- 
ed form according to the teachings of the Invention after selective etching of the spacer material layers 34 and 
the etch mask layer 54. Note the aperture 78 formed by the removal of the spacer layer 34. It is this void which 
^icws the tip 66 to move along the Z axis under the Influence of the forces generated by the piezoelectric ma- 
Figure 11 shows a cross sectional view of the bimorph cantilever taken in the Y-Z plane, whereas the cross 
section of Figure 10 is taken in theX-Z plane. Apian viewof the bimorph cantilever Is shown ni Figure 12k)oking 
down the Z axis at the X-Y plane. Figure 12 shows the locations of the sections taken in Figures 10 and 11 as 
the section lines 10-10' and 11-11 ', respectively. Note In Figure 11 the cantllevered nature of the bimoiph struc- 
ture, the bimorph being attached to the substrate 32 only in the area 80. The relaMve dimensions in Figure 12 
may be not truly indicative of an actual design whteh would be commerdally employed. Bonding pads 89. 91 
and 93 are coupled by conductive paths to the two electrode pairs comprised of electrodes 48, 36 and 44. 
Bonding pads 97, 99 and 101 are coupled by conductive paths to the two electrode paira comprised of elec- 
trodes 52, 40 and 44. Bonding pad 95 is coupled by conductive paths to both the decttodes 50 and 38 and 
the tip 66. in embodiments where the control drouitry Is integrated on the substrate 32, the bonding pads 
shown in Figure 12 can be eliminated. 

Necessary Additional Elements Needed For An STM 

Refening again to F^ure 11, there are several additfonal elements of a scanning tunneling microscope 
system whfch are necessary for converting the cantilever bimorph plezoeledric transducer shown in Figure 
11 to a system having multiple commeroial applications . An overlying wafer 82 having a conductive surface 
84 Is formed with a cavity 86 such that the wafer 82 may be physically attached to the substrate 32 with the 
amdudive surface 84 overlying and within several microns of the erid of the Hp 86. such that the tip can be 
broughtup to the surface 84 by bending of the bimorph. in the prefened embodiment of the scanning tunneling " 
microscope (STM) strudure, the wafer 82 may be Pyrex or silicon, but. in alternathre embodiments, the wafer 
82 may be any other material whfch is mechanically, thenmally, and chemically compatible with the materials 
used in the rest of the strudure. Preferably, the matertal of the wafer 82 should be such that a good bond may 
8 
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be made between the wafer 82 and the substrate 32, and such that suitable convenient fabrication techniques 
are Icnown which may be used to form the cavity 82 and to attach a conducing surface 84 to the wafer 82. In 
still other alternative embodiments, the wafer 82 may be itself a conductiva material such that no sei^rate 
conductive surface 84 needs to be atfached. In such embodiments, the cavity 86 should be such that the por- 

5 tion of the wafer 82 of interest is scanned by the tip 66. Also, the electrodes 36, 38, 40, 44, 48, 50 and 52 will 
have conductive pathways formed through the piezoelectric layers and across the surface of the substrate 32 
to bonding pads such that the appropriate voltages may be applied to these electrodes to cause the tip 66 to 
scan in the desired manner. If these conducive pathways pass between the surface of tjie substrate 32 and 
the mating surface of the wafer 82, the materials for these two structural elements must be selected such that 

10 the conductive pathways may be properly formed. 

In some embodiments, the control circuitry to supply the bias current to the tip 66 and to control the vol- 
tages applied to the various electrodes will be integrated on the substrate 32. The block 88 represents the 
integration of such Icnown circuitry on the substrate in ioiown manner. The position of the blodc 88 is illustrative 
only since this crcuitry may be integrated on the side of the substrate. In a recess in the substrate, or on the 

15 reverse side of the wafer opposite the side from which the bimorph cantilever is formed. It is preferred to in- 
tegrate the circuitry at a location to minimize the complexity of routing the various signals and control voltegss 
to the appropriate nodes of the circuit 

The structure shown in Figure 11 can be used for mass storage, microscopic photolithography, imaging 
and other commercial applications. 

20 Refening to Figure 1 3, there is shown a schematic diagram of a cross section through the bimorph can- 
tilever to illustrate how the various electrodes are operated to cause movement of the cantilever in the Car- 
tesian coordinate system. The cross section of Figure 13 has the same orientation as the cross section 10-10' 
In Figure 12. The vectors marked 1 , 2, 3 and 4 in Rgure 1 3 represent the electric field vectors existing between 
the four pairs of electrodes. The eiectric field vector 1 represents the field between the electrode 52 and the 

25 center electrode 44. The electric field vector 2 represents the field between the center electrode 44 and the 
outer electrode 40. The electric field vector 3 represents the fiekl between the electrode 48 and the center 
electrode 44. and the eiectric field vector 4 represents the field between the center electrode 44 and the outer 
eiectrode 36. in each case, the electric field Is directly proporttonal to the potential difference applied to the 
pair of electrodes bounding the region of Interest 

30 The nature of the piezoelectric zinc oxide is such that if a field is applied in the Z direction (which Is along 
the crystaiographic C-axis of the material) that causes the material to contract along that axis, and the material 
simultaneously expands along both the X and Y axes. Only expansions or contractions along the Y axis cause 
any bending of the bimorph. Hence, the following discussion refers to Y-axis motion only. 

Referring to Figurie 14, there is shown a table of the desired movements in the Cartesian coordinate system 

35 having the axes oriented as shown to the left of Figure 1 3, said table conreiating these desired movements to 
relative expansions in the piezoelectric material in accordance with the relationships given on the right half of 
the table. The manner in which the table of Rgure 14 Is interpreted is as follows. If it is desired to cause move- 
ment of the bimorph of Figure 13 in only the negative X direction, it is necessary to charge the electrodes 52 
and 44, and 44 and 40, respectively, such that the relative Y-axIs expansion of the piezoelectric material in 

40 the layers 46 and 42 between these two pahrs of electrodes is equal. Further, it is necessary to charge the 
electrodes 48 and 44, and 44 and 36 such that the Y-axis expansion of the piezoelectric material in the layers 
46 and 42 between these two pairs of electrodes is also equal, but such that the Y-axis expansion between 
the electrode pairs 48 and 44, and 44 and 46, respectively, is less than the expansion between the electrodes 
52 and 44, and 44 and 40. respecth/eiy. in other words, if one thinks of the vectore marked 1-4 in Figure 13 

45 as the relative magn'itude of the Y-axis expan^on of the piezodectric material in the layers 46 and 42 in the 
localized areas through which these vectors pass, then to ot^n negative X movement of the bimorph, it is 
necessary that the expansfons in areas 1 and 2 be equal and greater than the expansions in areas 3 and 4. 
This causes movement of the bimorph in the negative X direction in the same mechanical fashion as a bimetallic 
strip works where one layer of metal in the bimetallic strip expands less than the other layer of metal. This 

so causes forces which tend to cause the strip to bend toward the strip which expands less. From Figure 14, it is 
seen that for positive X expansion the situatton is exactly opposite as the situation previously described. That 
is, the expansions in the areas 3 and 4 are equal and exceed the expansions in the areas 1 and 2. Ukewise, 
for negative Y movement i.e., movement into the page of the tip 66, it is necessary to charge the electrodes 
48, 52, 44, 36 and 40 such that the piezoelectric material in regions 1-4 ail contract an equal amount This 

S5 contiactton Is signified as expanston less than zero. For positive Y movement it is necessary to charge the 
same eiectrode such that regions 1-4 all expand by the same amount which is signified by an expansion greater 
than zero. For positive Z movement it is necessary to charge the electrodes such that regions 2 and 4 expand 
equally and greater than the expansion in regtons 1 and 3. Likewise, for negative Z movement it is necessary 

9 
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to charge the electrode siich that regions 1 and a expand an equal amount and greater than the expansion in 
regions 2 and 4. 

It Is possible to obtain any desired movement In the Cartesian space defined by the 3 axes coordinate sys- 
tem to the left of Figure 1 3 by superimposing these relationships from any one axis upon the relationships for 

5 another axis. That is. if both negative X and positive Y movement Is simultaneously required, the relationships 
from these two lines of the table of Figure 14 are superimposed such that ail four regions are expanded equally 
by an amount Ato obtain the desired Ycomponentwith an additional expansion of regions 1 and 2 by an amount 
B over the expansion of regions 3 and 4 to obtain the desired negative X component. N^e that electrode 50 
only serves as a signal connection to the tip 66. The bottom electrode 38 is charged with the same bias voltage 

10 applied to the top center electrode 50 and the Up to eliminate any spurious, panasltlc movaroents caused by 
expansion or contraction in the piezoelectric layer 46 under the center electrode 50. Any such movement Is 
cancelled by the movements in the layer 42 caused by the charge on the bottom center electrode 38. 

Process #2 

IS 

Beginning at F^ure 15. the fabricaUon of the two anm bimorph embodiment of a piezoelectric transducer 
according to the teachings of the Invention is shown. Note that Figures 15 through 20 show a view of one arm 
lengthwise similar to the view shown in Figure 11 of the transducer built according to the previously described 
process. 

20 Referring to Figure 15, there Is shown an Intenmediate stage In the process of making an ami of a two arm 
bimorph using a badcside etch technique. A substrate 92 is chosen which is preferably a semiconductor, but 
which may also be. in alternath^e embodiments, other materials capable of being mioramachined. Semicon- 
ductor is desirable for the substrate so that control circuitry may be Integrated on the same die as the bimorph 
Itself. The first step in the process is to grow a 500 angstrom thicl< layer of silicon dioxide 94. Next, a 900 ang- 

25 Strom thlci< layer of nitride (Si3N4) is grown, and conventtonal photolithography techniques are used to define 
and etch a hole through the oxide layer 94 and nitride layer 96 to expose the surface of the substrate 92 as 
shown at 98. 

Refening to Figure 1 6, there is shown another intermediate stage in Hie construction of a two arm bimorph 
after etching of the cavity. After defining the location of the aperture in the silicon dioxide and nitride layers 
30 as shown in Figure 15, a KOH etch is used to etch a 350 (imdeep trench In the substrate 92, using the nitride 
layer as an etch mask. This trench Is shown at 100. Thereafter, the nitride layer 96 is stripped to leave only 
the silicon dioxide layer 94. Alignment marks are then patterned into sMe Ato allow alignment to the pattern 
on side B (see Figure 15). 

Figure 1 7 shows another intermediate stage in the process after deposition of the first electrode layer. The 

35 next step is to deposft 0.1 to 1.0 jimof aluminum and to pattern it to form the electrode shown at 102. 

Figure 1 8 shows another intermediate stage after deposition of the first piezoelectric layer and ibrmatton 
of a center electrode. After forming the electrode 102, a layer 104 of piezoelectric material is deposited. This 
Isyer is 2 )im of zinc oxUe or some other piezoelectric material. Next, a 0.1 to 1 .0 (un layer of aluminum is de- 
posited and patterned and etched to form the center electrode 106. 

40 Refening to Figure 1 9, there Is shown an intermediate stage In the constructkwi of the two arm bimorph 
afterthe second layer of piezoelectric material and the top electrode has been fonned. After forming the middle 
electrode 108, 2 |im of piezoelectric material are deposited in a layer 108. This layer is zinc oxide or some 
other piezoelectric material. Next, 0.1 to 1.0 jim of aluminum and 1000 angstroms of gold are deposited over 
the piezoelectric layer 1 08. This layer of conductive material Is then patterned and fonned using lift-off tech- 

4S nkiues Into the top electrode 110 and a tip electrode 11Z 

Refening to Figure 20, there is shown another Intemiedlate st^e in the constructton of the two arm bi- 
morph afterthe tip has been formed and the structure has been underetched to free the bimorph. The process 
for fonning the tip 114 is the same as described with reference to Figures 3-10. Afterthe tip Is fonned, the zinc , 
oxide is patterned and etched to form the edge 116. This process is done using the same class 1 etch mask 

so material as was used in the process described with reference to Figures 3-10. Finally, a plasma etch is used 
to etch through the remaining substrate 92 to the silicon dioxide layer 94 to free the bimorph arm from attach- 
ment to the substrate 92 along the area 118. 

Figure 21 shows a cross sectkm through the anm of bimorph shown In Figure 20 along the sedion line 21- 
21' in Figure 20. As can be seen from Figure 21 only two pairs of electrodes exist in the arm of the bimorph. 

55 shown in Figure 21. These two pairs of electrodes are Uie electrode 11 0 and the electrode 1 06, and the elec- 
trode 106 and electrode 102, respectively. Those skilled in the art will appreciate thatthis structure will allow 
the ami bend up and down sdong the Z axis and expand or contract longltudinally along the X axis. 

In order to get 3 axis Cartesian coordinate movement, a second arm having the structure shown in Figures 
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20 and 21 must be fonned and joined to the am of Figures 20 and 21 at the location of the tip 114. A pian view 
of the structure of this bfmorph arrangement Is shown in Figure 22. 

Referring to Figure 22, the section line 20-20' indicates the position of the section through the structure 
of Figure 22asshown in Figure 20. in the structure shown in Figure 22, two bimorph arms, 116and 118. extend 

5 from the substrate 92 at right angles joined at the approximate location of the tip 114. The arm 116 can move 
the tip 114 up and down along the Z axis and longitudinally along the X axis. The arm 116 can move the tip 
up and down along the Z axis and longitudinally along the Y axis. The arm 118 has its three electrodes 110, 
106 and 102 coupled respectively to the bonding pads 120, 122 and 124. These connections are made via 
electrical conductors 126, 128 and 130, which are photolithographically formed simultaneously with the elec- 

10 trodee 110, 106 and 102 on the surface of the substrate 92. The tip 114 Is coupled by an electrical conductor 
132 to a bonding pad 134. The corresponding three electrodes of the arm 116 are coupled to bonding pads 
136, 138 and 140. In alternative embodiments, the circuitry to drive bias voltages onto the six electrodes to 
cffljse movement of the tip and to bias the tip 114 with a correct voltage could be integrated on the substrate 
92 thereby eliminating the need for the bonding pads shown at the bottom of Figure 22. In such an embodiment, 

IS bonding pads would be present for supply of power to the circuitry used to bias the tip and drive the electrodes. 

Process #3-PrefenrBd 

The process described below is preferred to make either the one arm pi^electric transducter having the 

20 structure of Figure 10 or the two arm bipod piezoelectric transducer shown in plan view in Figure 22 and In 
cross section in Figure 20. Referring to Figure 23, there is shown an intermediate stage in the prefenred process 
for manufacturing a scanning tunneling microscope. Thef irst step In the process Is to dean a [1 00] silicon wafer 
140 of 380 micron thickness with a standard acid dean. The details of this deaning process are gh^en in Ap- 
pendix A which is a detailed process schedule for the preferred process. Next, a layer 1 36 of silicon dioxide is 

25 themially grown to a thickness of 5000 angstroms. Then, a layer 138 of silicon nKride is deposited to 1000 
angstroms thickness over the silicon dioxide using low pressure chemical vapor deposition {IJ»CVD). 

Referring to Rgure 24, there is shown the next stage in process after etohing the backside pit To free the 
biihorph cantilever to be formed later in the process, a backside eteh is used. The fkststep in this process is 
to etch a pit in the backside. Negative photoresist (not shown) is applied and patterned to define the location 

30 of the pit An oxygen plasma etch la then used to remove any remaining scum from the opening in the photo- 
resist where the pit is to be formed. The details of this plasma etch are given in Appendix A. Next, the nitride 
layer 138 is etched using an SFe and F1 3B1 plasma etch at a ratio of 1 :1 . Then, the oxide layer 1 36 is etched 
using a 6:1 buffered oxide etch solution (BOE). Following these two etch steps, the remaining photoresist (not 
shown) is removed and the wafer Is cleaned using the process detailed in the appendix. Then 340 microns of 

35 silicon from the substrate 140 are etched away using the nitride/oxide layers as an etch mask. This etch is 
performed using a 30% KOH etch at 80 degrees C. The wafer is then rinsed in a 1 0:1 H20:HCI solution, followed 
by a rinse in deionized water. This leaves the pit 142. - 

The substrate 140 has a polished front surface 144. Alignment marks are etdied in this surface to facilitate 
the alignment of the various patterning steps to one another. Figure 25 shows the wafer after this alignment 

40 marie 146 has been etched. The procedure for formir^ these alignment marks starts by patterning photoresist 
to define the positions of the alignment marks 146. Then an oxygen plasma etch is used to descum the open- 
ings and the nitride layer 138 and the oxide layer 136 are etehed using the same procedure defined above in 
describing Figure 24. Adeion ized water rinse and nitrogen ambient dry cyde are performed followed by etohing 
of 3 microns of silicon using a 1:1 SFgrCjCIFg plasma etch. The wafer is then daaned in accordance with the 

45 procedure outlined in Appendbc A. and the remaining photoresist is removed. The layer of nitride 138 is then 
stripped using concentrated H3PO4 at 165 degrees C for 1 hour foltowed by a deionized water rinse and a ni- 
trogen ambient drying cycle. 

The next stage is shown in Figure 26. To deposit the bottom electrode 148, the pattern of the electrode , 
is defined with a positive resist liftoff process. Then the metal of the electrode is deposited by electron-beam 

50 evaporation deposition of 1000 angstroms of aluminum at room temperature. The excess aluminum is lifted 
of by soaking the wafer in hot acetone. The wafer is then rinsed in fresh acetone, methanol and deionized water 
and dryed in a nitrogen ambient. 

Figure 27 defines the next stage in the process. After deposition of the lower electrode, It Is necessary to 
deposit the piezoelectric layer. This is done by first sputter deaning the surface for 30 seconds and electron 

55 beam evaporatton deposition of 1000 angstroms of silicon dioxide 150 on the substrate while holding the sub- 
strate at a temperature of 200 degrees C. Next, a 2 micron layer 152 of zinc oxide is sputter deposited using 
a zinc target In 5:1 02:Ar gas ambient at 30 mTom During this process, the substrate is held to 300 degrees 
C. Then, a 1000 angstrom layer 1 54 of silteon dioxWe is deposited over the zinc oxide by E-beam evaporation 
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with the substrate at 200 degrees C. 

Figure 28 shows the intermediate stage in the process after the middle electrode is formed. To deposit 
the middle electrode 156. the pattern for the electrode Is defined ushg mask#4 and positive lesi^ and a Uftoff 
technique. Next, a 1 000 angstrom layer of aluminum is deposited by electron beam evaporation using a room 

5 temperature wafer holder. The excess aluminum Is then lifted off by soaliing the waferin hot acetone. The wafer 
is then rinsed in fresh acetone, methanol and deionized water followed by a drying cyde in nitrogen ambient 
Figure 29 shows the stage of the process after the upper oxide layers have been deposited. The first step 
in this process is to sputter clean the wafer for 30 seconds. Next. 1 000 angstroms of sllteon dioxide 158 are 
E-beam evaporation deposited with the substrate held at 200 degrees C. "me top layer of piezoetectlfic material 

10 1 60 is formed by depositing 2 microns of zinc oxide using a zinc target In a 5:1 mixture of oxygen and ar^n 
at 30 mTon- with the substrate at 300 degree C. FinaBy, a 1 000 angstrom layer 1 62 of silicon dioxide is E-beam 
evaporation deposited over the zinc oxide with the substrate at 200 degrees C. 

Figure 30 shows the state of the wafer after the tap dectrode is formed. The top electrode 1 64 is formed 
by defining the pattern using a positive resist liftoff process. Then 500 angstroms of aluminum are deposited 

IS using a room temperature wafer holder and E-beam evaporation. This deposition is followed by an E-beam 
evaporation deposition of 500 angstroms of gold using a room temperature wafer holder. The excess gold and 
aluminum are then lifted off by soaking the wafer in hot acetone. The wafer is then rinsed in fresh acetone, 
methanol and dekmized water and dryed in a nitrogen ambient 

Figure 31 shows the wafer after the oxides have been patterned. The first step in this process is to sputter 

20 deposit 3000 angstroms of tttanhim/tungsten using an unheatisd vrafer holder. Then the pattern for the oxide 
is defined in the titanium/tungsten layer whfch is to be used as an etch mask. This Is done by defining the de- 
sired pattern in photoresist deposited on the titanium/tungsten and etching the titenlum/tungsten layer using 
30% H2O2 for 30 minutes at room temperature. The wafer is then rinsed in defonized vrater and dryed in a ni- 
trogen ambient Patterning of the oxides then begins with etching of the top silicon dioxide layer 162 using 6:1 

25 buffered oxide etch, followed by a deionized water rinse. The upper zinc oxide layer 160 is then etched in a 
solution comprised of: 15 grams of NaNOs, 5 mi HNO3, 600 ml H2O followed by a deionized water rinse. The 
middle layer 158 of silicon dioxide Is then etched in the same manner as the layer 162. and the bottom layer 
152 of zinc oxide is then etched using the same solution makeup as was used to etch the top layer 160. The 
bottom layer of silicon dioxkle 150 is then etched using the same solution makeup used to etdi the other layera 

30 of silicon dioxkle. The wafer la then rinsed in deionized water and dryed. Next, 3 microns of silkson are removed 
from the top of the wafer in regtons where all upper layere have been removed to expose the silicon substrate. 
This Is done using a 1:1 SFszCzaFg plasma etch. The wafer is then cleaned and the resist Is stripped using 
acetone, methanol and detonized water. The remaining titanium/tungsten etch mask is then removed in 30% 
H2O2 for 30 minutes at room temperature. The wafer is then rinsed in deionized water and dryed. 

35 After the oxide layers are etched, the bonding pad metel is deposited by defining the pattern by a positive 
photoresist liftoff process. The metel is the deposited using E-beam evaporation of 1 micron of aluminum using 
a room temperature wafer holder. The excess aluminum is then lifted off by soaking the wafer In hot acetone. 
The wafer is then rinsed in fresh acetone, methanol and dekmized water and dryed. 
Next, the wafer side B is scribed using a diamond-tipped saw. 

40 Figure 32 shows the wafer after the shadow mask for tip fonnatlon has been put into place and the tip 
deposition has taken place. First, the wafer is sputter cleaned for 30 seconds. Then, a separate wafer is fab- 
ricated to have the cross section shown in Figure 32. This wafer has an aperture 1 66 fonmed therein and has 
alignment marks that match the alignment marks 146. The wafer of the shadow mask 168 is then attached to 
the substrate 140 with alignment marks matched so as to locate the aperture 166 over the desired kwatkm 

45 on the top electrode 164 for the tip 169. After, the shadow mask is in place, 5-10 microns of the desired tip 
material, e.g.. niobium or tantalum, are deposited through the aperture 166 to fonm the tip 169. Note, that In 
the prefenred embodiment, the structure of Figure 32 will be formed at multiple locations on the wafer, and 
oriy one shadow mask 168 will be used with multiple apertures at all the desired tip locations for all the can- 
tilevere. Finally, the shadow mask is carefidly removed so as to not damage the tips. 

50 Next, the cantilevers are separated from the substrate along part of their length. Figure 33 shows the struc- 
ture after this process has been perfonned. Separation Is accomplished by depositing 10 microns of positive 
resist on side A of the wafer to protect the structuralist described. The wafer is then subjected to a backside 
etah to etch through the remaining silicon membrane at the bottom of the pit 142 by subjecting sWe B of the 
wafer to a 3:1 SFe:C^aF6 plasma ^ch. The. details of this etoh are specif ied in Appendix A. The photoresist is 

55 then stripped using acetone, methanol and an air dry cyde. The Individual die are then separated by cracking 
the wafer dong the scril>e lines. 

The presence of the sllbon dktxlde layer 1 36 has been found to promote better growth of the' alumbium 
layer 148 whk^ also Improves the growth of zinc oxide layere 152 and 160. It also allows conductive paths to 
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be fbnned beneath the cantilever without being shorted out by the metal of the layer 148. The presence of the 
silicon dioxide layers 150 and 158 promotes better growth of the zinc oxide layers 152 and 160. The presence 
of the silicon dioxide layers 154 and 162 aids in balancing stresses in the canHlever which can build up during 
the deposition processes of fonming the cantilever. That is, the same stresses will build up in the silicon dioxide 

5 layers 154 and 162 when they are deposited as build up in the silicon dioxide layers 150 and 158 when they 
are deposited. Acooidingiy, the stresses are balanced. Also, the silicon dioxide layers separating the pairs of 
electrodes increases the breakdown voltage. In alternative embodiments, the silicon dioxide layers may bo 
omitted or other materials can be substituted. ^ 

The prefenred method just described can be used to malte eitherthe "one-arm" or bipcNd type of piezoeleo- 

10 trio transducer. The principal difference between these tviro different structures is in the number of electrode 
paira that are formed inside each Integrated cantilever. The one aim type of bimorph needs to have at least 
four pairs of electrodes formed to obtain 3 axis movement If the one arm type of Integrated transducer Is to 
be used for a scanning tunneling microscope, 6 pairs of electrodes must be fonned so that electrical connection 
can be made to the tip and the spurious piezo effects by this tip electrode can be cancelled out. For a two arm 

15 bipod type of transducer, only two pairs of electrodes need be fonned In each bimorph ami. Obvious modifi- 
cations to the above described process for the steps of forming the top electrode 148 and the bottom electrode 
164 can be made depending upon the type of integrated plezoeleotric transducer to be fabricated. 

Refening to Figures 34(a) and (b) through 36(a) and (b) there are illustrated the movements which may 
be achieved with a one arm bimorph integrated piezoelectric transducer with the electrode structure shown 

20 in Figure 1 0. The (a) and (b) inustratlons of each figure depict both the positive and negative movements on 
the associated axis. Figure 37(a) and (b) Illustrate the type of rotational movement v*ich may be achieved for 
two tip embodiments to have Independent Z-axIs movement for each tip. The Hps move together along the Y 
and X axes however. 

Typical performance parameters are as follows. If a dipod structure is considered with aluminum electro- 
25 des one micron thick and zinc oxide layers which are two microns thicl<, and the legs are each 1000 microns 
long and 100 microns wide, then the bipod will be able to move the tip 20 angstroms per volt in the X and Y 
axes and 0.6 microns per volt In the 2 axis. The breakdown voltage Is 30 volts and the scannable area Is 600 
angstroms by 600 angstroms or 360,000 square angstroms. If a single arm cantilever bimorph with the same 
dimenskms as given in this paragraph is consWered, 200 angstroms per volt of movement In the X axis and 
30 20 angstroms per volt In the Y axis can be acheived. Movement of 0.6 angstroms per volt In the Z axis can be 
achieved. Thus, the scannable area for the single arm bimorph is 10 times larger than the dipod since the X 
axis movement Is ten times greater per volt. The bimorph design must be such that the tip can be moved within 
tunneling range of the conductive surface for STM applicattons. 

35 
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50 
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Preferred Planar yTMProcoBS 



1. Dq>osition of misk n 
la. C3eui 380 \ua thick (100) wafer using standard acid dean*** 

lb. HiennaDy grow 5000 A SIO2 

Ic Deposit lOOOA Si3N4 vsiag LPCVD ^ 

2. Etdi KOH pits finom backside surface, nde B) 

2a. Unng inask #1 and negative i^otaresist. define KOH squares 
2b. Oxygen plasma* for 1 xnin to Descura' openings 
2c Etch Si3K4 u^ SFe wd F13B1 (1:1) plasma etch 
2d. Etdi SiQz layer odng & 1 buffered Oxide Etdi O^E) 
. 2e. Strip phottxerist and dean wafer** 
2e. Etdi 340 (tn of riliooo fiom badcside unng 30% KOH at 8()^ 
2f. Rinse wafer usbig 10:1 HiO-JIQ sdndon 
2g. RinseiDde-ioaixedinHBr(PDiiiadiyin)«h 

3. Etch Alignment marks 00 finootside (pdisbed side, aide A) 

3a. Uring mask n awl poaihre least, define alignment manes 
3b. Oxygen plasna* for 1 min to Descum' openings 
3c.EtchSi3N4 using SFfi and F13B1 (l:l)plasma* etch 
3d. Etdi SiOz layer usin^ 6:1 buffered Oxide Etdi (BOH) 
3e. Rinse in DI dien dry in 

3f. Etch 3 MM of Si using 1:1 SFfitCjCaFs plasna etch 
3k. Qean wafer u^g standard acid clean (strip resist)*** 
3h. Strip Si3N4 using concentrated HsPO^ @ leS'C for 1 hr 
3t. RinseinDIdiendiy inN2 

4. Deposit bottom electrodes 

4a. Define pattern w/ noask #3, poative rtsist and liftoff process 
4b. E>beam evi^orate lOOOA Al uang room ten^. wafer bolder 
4c. liftoff" excess Al by soaking wafer in hot Acetone 
4d. Rinse wafer in firesh Acetone. Methanol, and DI. then dry in N2 

5. Deposit lower mides 

5a. Sputter dean sisfiKe, 30 sec 

5b. E-beam evaporate lOOOA ^ substrate is heated to 200"C 

5c. Sputter dqpoat l^im ZhO using Zn target in 5: 1 02'.At gas, SOmTorr. 

SubsmiB bdd to 300"C 
2d. E-beam eviptnte lOOQA ^(32 substrate is heated to 200°C 

6. D^xMit noddle dectrodes 

6a. Define pattern w/mask #4, poadve resist and liftoff process 

a. E-beam evaporate lOOOA Al using cdd wafer holder 

6c. "Liftoff" excess Al by soaking wafer in hot Acetone 

6d Rinse wafer in fresh Acetone. Methanol, aiid DI. then dry in N2 

7. Dqx>sit upper oxides 

7a. MNittBr dean sotftoe, 30 sec 

7b. I^ieam evqxnte lOOOA SiQ2 nibsinie is hdd to 200^ 

7c Spotter d^oA 2Mm ZnO nsiitg Zd target in 5: 1 02'.Ar gas, SOmToiT. 

&ibstratBbeldtD3arC 
7d E'team evainntB lOOOA SO2 nAstrate is hdd 10 2(X^ 

8. Dqx>9t Top electrodes 
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St. Define panonw/i 




8b. E-beam cvipaite SOOA A! iiang room temp, wafer bolder 
8c. B-faeam eviporVB SOQA An ^3M) using room ten?, wafer bolder 
8d Xiftor excess Al and An by nddng wafer in hot Acetone 
8e. Rinse wafer in fiesh Acetone, Methanol, md DI, then dry ia N2 

!n»ZnO , , . 

9a. Sputter dq>09at3000ATyW using room temp, wafer holder ^ 
9b. Define pattern w/ mask #6^ positive resist 
9c. Pattern W using m HjQi, 30 nan @ room leinp. 



9n. Rinse in DIdiendiymNz 

10. Dqxxdt bonding pad metal 

10a. Define pattern w/ mask «7, positive resist and liftoff process 
10b. E-beam evaporate LOpm Al using room lemp. wafer hdder 
10c. 'liftoir excess Al by soakiiig wafer in hot Acetone 
lOd. Rinse wafer in fiesb Acetone, Methanol, and DI tlien diy in N2 

11. Scribe wafers on Side B using saw 

12. DqpodtTq>s 

12a. Sputter dean softce for 30 seconds 

12b. FlKe shadow mask on top <^ wafer, align to pattern iisng Icey' formed 

with Al/ZhCVAI/ZnOTAu pattern 
12c. Dqiosit MO ilffi l^otnum, fenzdng ptMnted tips 
12d Cvefiilly retoove shadow Eoa^ avtrid damagwg tips 

13. Sq>arate eandlevers fiom substrate 

13a. Deport 10 Mm l*yer po^ve ledst on Side A 
13b.Eldithrou^Siaembtu>e6omddeBudng3:lSF6K:2ClF5 Hasma* 

13c Strip phMBstrist in Acacne A Mahanol. air diy 

14. Sqiarate dies (w UiipO 1)y envying wtfer along scribe lines 

• All pksBia Bshes BB peribnmed using Pofwer ■ fRXlW ai 200 mToir pt^^ 
min , uiUess otherwise stated 

** Standard dean for removing nnative pfaoinesist 

•*a. Agitate vigorously in 120**C 10:1 HsSOa'JIzQz for 20 min 
**b.RlnseinDI 

**c. Soak in 4:1:1 H20:H2S04:H2Q2 at 90*C for 20 min 
**d. Rime in DI tixsn diy in N2 
*** Standard ne-Qndadon Oean 

***a. PerfonD above dean (* Standard dean for removing negadve photoresist) 




% Etch bottom layer SiOj using 6: 1 BOE (1 min). 
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ends and respective second ends that are joined together, said tip located proximate where said respec- 
tive second ends are joined, each said bimorph cantilever arm including one electrode of said first pfurality 
of electrodes and one electrode of said second plurality of electrodes. 

6. A method of forming an integrated scanning tunneling microscope comprising: 

fabricating a motion transducer integrally with a substrate; 

growing on said motion transducer a protruding conductive tip (66), tenninating In a point 

positioning a conductive surface (84) at a fixed position close to said conductive tip (66) such that 
movement of said motion transducer is sufficient to bring said conductive tip withlrf tunneling range of 
said conducUve surface; 

providing bias means (22) for applying a bias potential between said tip and said conductive surface 
to cause tunneling current to flow between said tip and said conductive surfece; and 

providing sensing means (24) for sensing the magnitude of the tunneling current flow; 

characterized by: 

said irtotion transducer fabricating step fabricating a piezoelectric bimorph cantilever integrally with 
said substrate at one end with said tip positioned at a second end of said cantilever, Including the steps 
of 

depositing a first conductive layer on said substrate and patterning said first conductive layer into 
a first plurality of electrodes (36. 38, 40); 

depositing a first layer of piezoelectric material (42) over said first conductive layer; 

depositing a second conductive layer (44) over said first layer of piezoelectric material; 

depositing a second layer of piezoelectric material (46) over said second conductive layer; 

depositing a third conductive layer over said second layer of piezoelectric material and patterning 
said third conductive layer Into a second plurality of electrodes (48, 50, 52); 

removing a portion of said substrate from below said first conductive layer such that said bimorph 
cantilever has said one end attached to said substrate and said second end in free space; and 

providing control means (28), coupled to said bias means, sensing means and said elecrodes, for 
adjusting the potentials applied to said electrodes so as to move said tip. 

7. The method of forming an Integrated scanning tunneling microscope of Claim 6, further characterized by: 

said positioning step including depositing a second substrate (82) having a cavity (86) fomned 
therein and having said conductive surfece (84) in said cavity, and attaching said second substrte (82) 
to said substrate (32) so as to place said cavity such that said bimorph cantilever has room to move In 
all three axes and such that said conductive surface is held dose to said tip such that said bimorph can- 
tilever's range of motion is sufficient to bring said tip within tunneling range of said conductive surface. 

8. The method of forming an integrated scanning tunneling microscope of Claims 6 or 7, further character- 
ized by: 

said growing step comprising growing said tip on said bimorph cantilever by evaporation of con- 
ductive material through a shadow mask having an aperture (166) aligned over said second end of said 
bimoiph cantilever. 

9. The method of fonning an integrated scanning tunneling microscope of Claims 6 or 7, further character- 
ized by. 

said bimorph cantilever fabricating step beginning with depositing a sacrif ical spacer layer over a 
part of said substrate where a cantilevered portion of said bimorph cantilever will be fabricated; and 

said lemoving step including removing said sacrificial spacer layer so as to produce said cantilever 
with said one end attached and said second end In free space. 

10. The method of forming an Integrated scanning tunneling microscope of Claims 6 or 7, further character- 
ized by: 

said piezoelectric bimorph cantilever fabricating step beginning with etching a portion of said sub- 
strate to form a thin membrane of material, said subsequent steps of depositing conductive and piezo- 
electric layers including positioning atleastsome of said electrodes over said thin membrance of material. 

11. The method of forming an integrated scanning tunneling microscope of Claims 6 or 7, further character-" 
Izedby: 

said piezoelectric bimorph cantilever fabricating step including fabricating two piezoelectric bi- 
morph cantilever arms having distinct f bced ends and respective second ends that are joined together. 
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***b. Soak in 10:1:1 H2CKHCl:I^«t90°Cfor20inm 
••*c. Rinse in DI 

***d. Sodc in 10:1:1 H20-J«l4OH:H202 at 90<»C for 20 min 
***e. Rinse in DI 

***f.DtpinSO:l BOE for 30 sec it 23<C (ambient) 
••*K> Ruise in DI then diy in N2 



1. An integrated scanning tunneling microscope comprising: 

a motion transducer Integrated on a substrate (32) and having a protruding conductive tip (66), 
16 terminating In a point; 

means coupled to said motion transducer for holding a conductive surface (84) at a fixed position 
close to said conductive tip (66) sucli that movement of said motion transducer is sufficient to bring said 
conductive tip within tunneling range of said conductive surface; 

bias means (22) for applying a bias potential between said tip and said conductive surface suff i- 
20 dent to cause tunneling current to flow between said tip and said conductive surface; 

sensing means (24) for sensing the magnitude of the tunneling current flow; and 

control means (28), coupled to said bias means and said motion transducer to position said tip so 
as to adjust said tunneling current; 

characterized by: 

25 aaid motion transducer comprising a three-axis movement piezoelectric bimorph cantlleverattach- 

ed to said substrate at one end with said tip positioned at a second end of said cantilever, said bimorph 
cantilever including a first plurality of electrodes (36, 38, 40), a second plurality of electrodes (48, 50, 
52), two layers of piezoelectric material (42, 46) sandwiched between said first and second plurality of 
^ectrodes, and an electrode (44) sandwiched between said two layers of piezoelectric material; wherein 

30 said bimorph cantilever moves in response to potentials applied to said electrodes; and 

said control iheans (28) including means for apply voltage potentials to said electrodes of said bi- 
morph cantilever so as to move said tip. 

2. The integrated scanning tunneling microscope of Qaim 1. further characterized by: 

35 said means for holding said conductive surface comprising a second substrate (82) having a cavity 

(86) fonmed therein and having said conducth» surface (84) in said cavity, said second substrate (82) 
atteched to said substrate (32) so as to place said cavity such that said bimorph cantilever has room to 
move in all three axes and such that said conductive surface Is held dose to sajd tip such that said can- 
tilever's range of motion Is sufficient to bring said tip within tunneling range of said conductive surface. 

3. The Integrated scanning tunneling microscope of Qaims 1 or 2, further characterized by: 

said bimorph cantilever induding: 

a first conductive layer patterned to form said first plurality of electrodes (36, 38, 40); 
a first layer of piezoelectric material (42) formed over said first conductive layer, 
^ a second conductive layer (44) formed over said first layer of piezoelectric material and comprising 

said electrode (44); 

a second layer of piezoelectric material (46) formed over said second conductive layan and 

a third conductive layer formed over said second layer of piezoelectric material, said thfrd conduo- ^ 

tive layer patterned to form said seocnd plurality of electrodes (48, 50, 52) aligned with said first plurality 

of electrodes patterned in said f kst conducth/e layer. 

4. The Integrated scanning tunneling microscope of Claim 1 , further characterized by: 

said tip having the physical shape, orientation and size characteristic of an integrated tip structure 
formed by evaporation of conductive material through a shadow masic having an apertive (166) aligned 
^ oversaid second end of said cantilever. 

5. The integrated scanning tunneling microscope of aaims 1,2, 3. or 4 further Characterized by: 

said bimorph cantilever comprising two piezoelectric bimorph cantilever aims having distinct fbced 
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each said bimorph cantilever arm being fabricated to include one electrode of said first plurality of elec- 
trodes and one electrode of said second plurality of electrodes. 



5 Patentanspruche 

1. integriertes abtastendes Tunneimikroskop mit 

einem auf ein Substrat (32) integriertem Bewegungswandler mit etner voi^henden lelt19higen 
Spitze (66), die punktformig endet 
10 einer mit dem Bewegungswandler gekoppelten Einriciitung zum Halten einer leit©higen Oberfla- 

che (84) an einer festen Steliung in der Nahe der leitiahigen Spitze (66) derart, dall eine Bewegung des 
Bewegungswandlers ausreicht, die lelt^hige Spitze in den Tunnelbereich der leitfahigen Oberflaciie zu 
bringen, 

eine Vorspanneinrichtung (22) zum Aniegen eines Vorspannpotentials zwischen Spitze und leitfa- 
15 higer RSche, das ausreteht, einen Tunneletrom zwischen der Spitze und der leitfahigen Oberfifiche file- 
Ken zu lassen, 

eine Fuhleinrichtung (24) zum Erfassen der GrSKe des Tunn^stromes und 

eine Steuereinrichtung (28), die an die Vorspanneinrichtung und den Bewegungswandler derart ge- 
koppelt ist, da& die Spitze so posittonlert wird, da& der Tunnelstrom einsteUbar ist, 
20 dadurch gekennzeichnet 

daB der Bewegungswandler einen in l^"ohtung von drel Achsen beweglichen piezoelektrischen 
bimorphen Ausieger aufweist, der mit einem Ende am Substrat befestigt 1st und am zweiten Ende die Spit- 
ze tragt, wobei dar bimorphe Ausieger eine erste AnzaN von Bektroden (36, 38, 40) und eine zweite An- 
zahl von Eiektroden (48, 50. 52). zwal Schfchten aus piezoelektrischem Material (42, 46), die zwischen 
25 derersten und zweiten Anzahl von Eiektroden schichtweise angeordnetsind, und eine Elektrode(44) um- 

faBt, die zwischen die beiden Schlchten aus piezoelektrischem Material geschichtet ist, wobei sich der 
bimorphe Ausieger auf an die Eiektroden angelegte Potentlale bewegt, und 

daB die Steuereinrichtung (28) zum Bewegen der Spitze eine Einrichtung zum Aniegen von Span- 
nungspotentialen an die Eiektroden des bimorphen Auslegers umfaftt 

30 

2. Tunneimikroskop nach Anspruch 1, dadurch gekennzeichnet, 

daB die Einrichtung zum Haiten derieitf3higen Oberfiache ein zweites Substrat (82) mit einerdarin 
ausgebildeten Aushdhiung (86) aufweist, in der die leltfahige Oberfiache (84) vorgesehen ist. daB das 
zweite Substrat (82) am Substrat (32) derart befestigt 1st, daB die Aushohiung derart piaziert wird, daB 
35 der bimorphe Ausieger in alien drei Achsen beweglich ist und derart, daB die leitfahige Oberfiache nahe 

an der Spitze gehaiten wird, so daB der Bewegungsbereich des Auslegers ausreicht, die Spitze in den 
Tunnelbereich der leitfahigen Oberfiache zu bringen. 

3. Tunneimikroskop nach Anspruch 1 Oder 2, dadurch gekennzeichnet, daB der bimorphe Ausieger umfaBt: sr' 
40 eine derart gemusterte erste leit^hige Schicht, daB die erste Anzahl vcn Eiektroden (36, 38, 40) 

gebiidetwird, 

eine erste Schicht (42) aus piezoelektrischem Material, die Gber der erstan laitmhigen Schicht ge- 

bildet ist. 

eine zweite lettHhige Schk^ht (44), die uber der ersten Schicht aus piezoelektrischem Material ge- 
4g blldet ist und die Elektrode (44) aufweist, 

eine zweite, Dber der zweiten leltmhigen Schicht gebildete Schicht aus plezoelekfrischem Material 

(46) und 

eine dritte uber der zweiten Schicht aus piea>elektrischem Material gebildete leitfShige Schteht, ^ 
die so gemustert ist, daB die zweite Anzahl von Eiektroden (48. 50, 52) ausgerichtet auf die'erste Anzahl ' 
50 von in der ersten leitfahigen Schicht gemusterten Eiektroden ausgebildet wird. 

4. Tunneimikroskop nach Anspruch 1 , dadurch gekennzeichnet. daB die Spitze die physikalische Fonn. Aus- 
richtung und GrSBe einer integrierten Spitzenstruktur aufweist, die durch Au1idani«>fien leitmigen Mate- 
rials durch eine Schattenmaske gebildet ist, wobei die Maske eine Qber dem zweiten Ende des Auslegers 
ausgerichtete Offnung (166) aufweist. 

5. Mikroskop nach Anspruch 1, 2, 3 oder 4, dadurch gekennzekshnet, daB der bimorphe Ausieger zwei pie- 
zoelektrische bimorphe Auslegerarme aufweist, die distinkte feste Enden und Jewells miteinanderverbun- 
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dene zweite Enden aufweisen, w 
legeraime verbunden sind und eine der Elektroden der ersten Elektrodenzahl und eine Elektiode der 

zweiten Elektrodenzahl aufweisen. 

Verfahren zum Herstellen eines Integrierten abtastenden Tunnelmlkroskops mitfo^enden Schrfttsn: 
Herstellen eines Bewegungswandlers einteilig mil einem Substrat, 
Aufwachsen einer vorspringenden Spitze (66), die In einem Punkt endet, 
Anordnen einer leitfaliigen Oberf lache (84) an einer festen Steile in der Nahe der leitfdhigen Spttze 

(66) derart, daH eine Bewegung des Bewegungswandlers ausreicht, die leit^hige Sjpitze in den Tunnel- 

berelch der leitmhigen Oberf ISche zu bringen, 

Vorsehen einer Vorspanneinrichtung (22) zum Anlegen eines Vorspannpotentials zwischen Spttze 

und leitfahiger Oberf lache, urn einen Tu nnelstrom zwischen Spitze und leitfShiger OberflSche flleKen zu 

iassen, und Vorsehen einer Fuhleinrichtung (24) zum Erfassen der GroBe des Tunnelstromes, 
dadurch gekennzeichnet, da& 

die Herstellung des Bewegungswandlers die Herstellung eines piezoelektrischen bimorphen Aus- 
legers umfa&t, der mit einem Ende mit dem Substrat einteilig verbunden ist und an seinem anderen Ende 
die Spitze trSgt, mit den Schrltten: 

Ablagern einer ersten leitfahlgen Schicht auf dem Substrat und Musterit der ersten Ieitl9higen 
Schicht in eine erste Anzahl von Eiektnxlen (36. 38. 40). 

Ablagern einer ersten Schicht (42) aus piezoelektrischem Material uber der leitfahlgen Schicht, 

Ablagern einer zweiten leitfahlgen Schk:ht (44) uber der ersten Schicht aus piezoelektrischem Ma- 
terial, 

Ablagern einer zweiten Schicht (46) aus piezoelektrischem Material uber der zweiten leitfihigen 
Schicht, 

Ablagern einer dritten leitfihigen Schicht uber der zweiten Schicht aus piezoelektrischem Material 
und Mustern der dritten leitfahlgen Schicht In eine zweite Anzahl von Elektroden (48, 50, 52), 

Entfernen eines Tells des Substrats von unterhalb der ersten leitfahlgen Schicht derart, da& der 
bimorphe Ausleger mit einem Ende am Substrat befestigt ist und das zweite Ende frei endet und 

Vorsehen einer Steuereinrichtung, die mit der Vorspanneinrichtung, der FOhlelnrlchtung und den 
Elektroden gekoppelt ist, zum Einstellen der an die Elektrode angelegten Potentiate und zum Bewegen 



7. VerfehfBn nach Anspruch 6, dadurch gekennzeichnet, da& der Posltlonlerschritt das Ablagern eines zwei- 
ten Substrats (82) mit einer darin ausgebildeten Aush5hlung (86) umfeKt, wobei sich die leitl^hige Ober- 
fiache (84) in der Aushohlung befindet, und 

Befestigen des zweiten Substrats (82) am Substrat (32) derart, daK die AushShlung so angeordnet 
wird, da& der bimorphe Ausleger in alien dre! Achsen beweglteh ist und da& die Ieiti9hige Oberf ISche in 
derMShe der Spitze derart gehalten wbrd, daft der Bewegungsberelch des Auslegers ausreicht, die Spitze 
In den Tunnelbereich der leitehigen Oberflache zu bringen. 

8. Verfahren nach Anspruch 6 oder 7, dadurch gekennzefehnet, daft belm Aufwachsen die Spitze auf dem 
bimorphen Ausleger durch Aufdampfen leitShlgen Materials durch eine Schattenmaske aufgewachsen 
wird, wobei die Schattenmaske eine Offnung (166) aufweist, die Gberdem zweiten Ende des bimorphen 
Auslegers ausgerichtet ist. 

9. Verfahren nach Anspruch 6 oder 7, dadurch gekennzek^net, 

daK der Schritt der Herstellung des bimorphen Auslegers mit dem Ablagern einer Verbrauchs -Ab- 
standsschicht uber einem Tell des Substrats beginnt, wo ein eingespannterTeil des bimorphenAuslegers 
hergestellt wird und, 

daK der Schritt des Entfernens das Entfernen der Verbrauchs-Abstandsschicht derart umfafit, da& 
der Ausleger mit einem befestlgten und einem zweiten f relen Ende hergestellt wird. 

10. Verftihren nach Anspruch 6 oder 7, dadurch gekennzetehnet, da& der Schritt der Herstellung des piezo- 
elektrischen bimorphen Auslegers mit dem Atzen eines Tells des Substrats derart beginnt, daR eine dOn- 
ne Materalalmembran gebildet wird, wobei die nachfolgenden ScMtte des Ablagerns lelt^hlger und pie-. 
zoelektrischerSchichten das Positionieren wenigstens einigerder Elektroden fiber derdQnnen Material- 
membran umfe&t 

11. Verfohren nach Anspruch 6 oder 7. dadurch gekennzeichnet, daft der Schritt der Herstellung des piezo- 
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elektrischen bimorphen Auslegers die Herstellung zweier piezoelektrischer bimorpher Auslegerarme um- 
faBt, die distinlcte feste Enden und jeweiis miteinander verbundene Z¥veite Enden aufweisen, wobei der 
bimoiphe Auslegeiann so hergestellt wnd. da& er eine Elektrpde der ersten Bektrodenanzahl und.eine 
Elektrode der zweiten Elektrodenanzahf aufweisL 



Revendications 

1 . Microscope int6gr6 h balayage A ^fet tunnel comprenant 
10 untran8ducteurdeinouvementint6gr6surunsub8trat(32)etayantunepolnte(66)GonduclTice 
en sadlle, se terminant en un point; 

de8moyenscoupldsaudlttransducteurdemouvementpourmalntenirunesurfiiceconductrice{84) 
dans une position fixe prache de ladite pointe conductrice (66) de telle sorte que le d^placement dudit 
transducteurde mouvement est suff isant pour placer ladite pointe conductrice dans la plage d effettunnel 
IS de ladite surface conductrice; 

des moyens de polarisation (22) pour appliquer un potentiel de polarisation entre ladite pointe et 
ladite swface conductrice, suff Isant pour conduire le courant par effettunnel h circuier entre ladite pointe 
et ladite surface conductrice; 

des moyens de detection (24) pour detector I'intensit^ de la circulation du courant par effet tunnel; 

20 et 

des moyens de commande (28), couplte auxdits moyens de polarisation et audit transducteur de 
mouvement pour posltlonner ladite pointe de manldre d r^ler {edit courant par effet tunnel; 
caract6ris6 en ce que: 

ledit transducteur de mouvement comporte un didment en porte-Maux bimorphe pi^zo^lectrique 
25 h d6placement selon trois axes f ix6 audit substrat d une extr6mit6, ladite pointe 6tant positionn^e h une 
seconde extr6mit6 de I'^ISment en porte-d-faux, ledit iMmexA en porte-ii-faux bimorphe comportant une 
premiere plurality d'^lectrodes (36, 38, 40), une seconde plurality d'Slectrodes (48, 50, 52), deux couches 
de mat^riau pi&»dlectrique (42, 46) prises en sandwich entre. lesdites premiere et seconde plurality 
d'dlectrodes, et une Electrode (44) prise en sandwich entre lesdites deux couches de matdriau pidzod- 
30 lectrique; dans lequel ledit 6l6ment en porte-Maux binwrphe se d6place en rSponse h des potentiels ap- 
pliquds auxdttes Electrodes; et 

lesdtts moyens de commande (28) comportent des moyens pour appliquer des potentiels de ten- 
sion auxdites Electrodes dudit 6l6ment en porte-i^faux binwrphe de manidre d d6placer ladite pointe. 

35 2. MIctoscope IntEgrE^i balayage d effet tunnel selon la revendicationLcaraclErisE en outre en ce que: 
lesdits moyens pour maintenlriadlte surface conductrice comportent un second substrat (82) ayant 
une cavit6 (86) formEe dans celui-ci, ladite surface conductrice (84) 6tant dans ladite cavitE, ledit second 
substrat (82) 6tant f ix6 audit substrat (32) de manidre S disposer ladite cavit§ de telle sorte que ledit 616- 
ment en porte-S-faux bimorphe a de la place pour se d6placer selon les trois axes et de telle sorte que c 

40 ladite surface conductrice est maintenue prEs de ladite pointe de telle sorte que la i^age de dEplacement 

dudit Element en portB-d-faux est suff isante pour placer ladite points d I'lntErleur de la plage d effet tunnel 
de ladite surface conductrice. 

3. Microscope int6gr6 dl balayage d effet tunnel selon les revendications 1 ou 2, caract6risE en outre en ce 
45 Que: 

ledit 6l6ment en porte-d-faux bimorphe comporte: 

une premidre couche conductrice configurEe pourformer ladite premiere pluraiitE d'Electrodes (36, 
38,40); 

une premidre couche de matErlau pidzodlectrique (42) formde sur ladite premldre couche conduo- 

50 tn'=e; 

une seconde couche conductrice (44) formEe sur ladKe premiere couche de matEriau pidzoElec- 
trique ^ comprenant ladite Electrode (44); 

une seconde couche de matEriau piEzoElectrique (46) formEe sur ladite seconde couche oinduo- 

55 une troisi6me couche conductrice fonn6e sur ladite seconde couche de mat6riau pi6zo6lectrique,- 

ladite troisifeme couche conductrice conf igur6e pourformer ladite seconde piuraiit6 d'6lectrodes (48, 50, 
52) 6tant ailgnEe avec ladite premiere piuralitE d'Electrodes configurEes dans ladite premiere couche 
conducfalce. 

20 
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4. Microscope int^gr^ h balayage & effet tunnel selon la revendlcatlon 1, caracMris^ en outre en ce que: 

ladite pointe a la forme physique, I'orientation eties dimensions caractiristiques d'une structure 
en pointe int^gr^ form6e par Evaporation de mat^riau conducteur d travers un masque perform 4nuni 
d'une ouverture (166) align6e sur ladite seconde extr6mit6 dudit 6l6ment en porte-Maux. 

5. Microscope int^r6 d balayage d effet tunnel selon les revendications 1 , 2, 3 ou 4, caract6ris6 en outre 
en 08 que: 

ledit Element en porte-d-faux bimorphe coniporte deux bras en porte-d-faux bimorphes pi^zoEieo- 
triques ayant des extr^mit^s fixes distindss et des secondes «(trimit6s respectives qui sont relives les 
unes aux autres, ladite pointe tont situte k proximity de Tendrolt oO lesdites secondes extrdmltte res- 
pectives sont reli^, chaque bras en port»-^faux bimorptie comportant una Electrode de ladite premidre 
plivalltd d'dlectrodes et une diectrode de ladite seconde plurality d'6le(dn>des. 

& Proc6d6 de formation d'un micrpscope int6gr6 A balayage d effet tunnel comprenant: 
la fabrication d'un transducteur de mouvement faisant corps avec un substrat; 
la croissance sur ledK transducteur de mouvement d'une pointe conductrics {66} en saillie, se ter- 
minant en un point; 

le positlonnement d'une surface conductrice (84) clans une position fixa proche de ladite pointe 
conductrlce (66) de telle sorts que le d^placement dudIt transducteur de mouvement est sufflsant pour 
placer ladite pointe conductrice d I'inttirieur de la plage d'effet tunnel de ladite surface conductrice; 

la fournlture d'un moyen de polarisation (22) pourappllquerun potentlel de polarisation entrs ladite 
pointe et ladite surface conductrice pour conduire le courant par effet tunnel & circuler entte ladite pointe 
et ladite surface conductrice; et 

la fourniture de moyens da detection (24) pour dStecter I'intensit6 de la circulation du courant par 
effet tunnel; 

caract6rls6 en ce que: 

ladite 6tape de fabrication du transducteur de mouvement realise un Element en porte-d-^ux bi- 
morphe pi^zoElectrique faisant corps avec ledit substrat d une extrdmltd avec ladite pointe positionnde 
d une seconde extr^mitd dudit Element en porte-dhfeux, comprenant les stapes suivantea: 

ddpdt d'une prenti6re couche conductrice sur ledit substrat et configuration de ladite premiere cou- 
che conductrice en une premldre plurality d'^ectrodes (36, 38, 40); 

d^pOt d'une premiere couche de matdriau pidzo^ectrique (42) sur ladite premidre couche conduc- 
trice; 

d^pdt d'une seconde couche conductrice (44) sur ladite premiere couche de nret^riau pldzoSec- 

trique; 

dSpfit d'une seconds couche de mat^riau pl&co^ec^ique (46) siir ladite seconde couche conduc- 
trice; 

d&p6t d'une troisl6me couche conductrice sur ladite seconde couche de mat6riau pl6zo6iectrique 
et configuration de ladite trolsi^me couche conductrice en une seconde plurality d'6lectrodes (48, 50, 52); 

rettait d'une partie dudIt substrat depuis le dessous de ladite premidrB couche conductrice de telle 
sorte que ledit «l4ment en porte-^faux bimorphe a ladite extrdmltd Ibobe audit substrat et ladite seconde 
6xtrdmit6 libre dans I'espace; et 

fourniture de moyens de commande (28). couples auxdits moyens de polarisation, auxdits moyens 
de detection et auxdites Electrodes, pour r«gler les potentials appliques auxdites Electrodes de manlEre 
& dEpiacer ladite pointe. 

7. PmcEdE de formation d'un microscope IntEgrE d balayage k ^et tunnel selon la revendlcatlon 6, carac- 
t6ris6 en outre en ce que: 

ladite 6tape de positlonnement comporte le dEpAt d'un second substrat (82) ayant uite cavlt6 (86) ' 
formte dans celul-ci et ayant ladite surface conductrice (84) dans ladite cavitE, et la fixation dudIt second 
substrat (82) audit substrat (32) de manidre & placer ladite cavitE de telle sorte que ledit dlEment en porte- 
d-faux bimorphe a la place de se dEplacer selon les trois axes et de telle sorte que ladite surface conduc- 
trice est maintenue pr6s de ladite pointe de telle sorte que la plage de dEplacement de I'6i6ment en porte- 
Maux bimorphe est suffisante pour placer ladite pointe d I'intErieur de la plage ^ effet tunnel de ladite 
surface conductrice. 

8. Proc&K de fonnation d'un microscope intEgrE & balayage d effet tunnel selon les revendications 6 ou 7, 
caractErisE en outre en ce que: 
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ladlte 6tape de croissance comporte la crolssance de ladite pohts sur ledit dl^ment en porte-d- 
faux bimorphe par Evaporation de materiau conducteurd travers un masque perform muni d'une ouverture 
(166) align6e sur ladite seconds extr6mit6 dudit 6l6ment en porta-a-ftiux bimorphe. 

s 9. Proc$d6 de formation d'un microscope int^rd & balayage A effet tunnel selon les revendicatlons 6 ou 7, 

caract6ris6 en outre en ce que: 

ladite 6tape de fiabrication de I'^dment en porte-d-faux bimorphe commence par le ddpfit d'une 

Gouche d'entretoise sacrifice sur une partie dudit substrat Ob une partie en porte-d-faux dudit 6l«ment 

enporte-ihfauxblnK>rpheserafabriqu6©;et 
10 ladite 6tape de retralt comporte le retrait de ladite oouche d'entiBtolse sacrifice de manidie d pro- 

duire ledit Element en porte-infaux avec ladite extrdmitd f Ix6e et ladite seoonde extrdmUi libre dans I'es- 

pace. 

10. Proc6d6 de formation d'un microscope Int^ k balayage A effet tunnel selon les revendlcations 6 ou 7, 
caract6ris6enoutrsenceque: 

ladite «tape de fabrication dudtt^ldment en porte-d-faux bimorphe pldzodlectrique commence par 
t'attaque d'une partie dudit substrat pour former une fine membrane xle matdriau, lesdites stapes ultd- 
rieures de ddpdt des couches conductrices et pifoodlectriques oomportant le positlonnement d'au moins 
certaines desdites ^ectrodes sur ladite fine membrane de mat^rtau. 

^ 11. Proc6d6 de formation d'un microscope int6gr6 k balayage ^ effet tunnel selon les revendlcations 6 ou 7, 
caractdris6 en outre en ce que: 

ladite 6tape de fabrication dudit 6\6ment en porte-§-feux blnrarphe pl6zo^ectrlque comporte la fa- 
brication de deux bras en porte-^i-feux bimorphes piSzo^ectriques ayant des extr§mit6s fixes distinctes 

^ et des secondes extr6mit6s raspectivss qui sontreil6es les unesauxautres, chacun desdits bras en porte- 

Maux bimorphe 6tant fabriqu6 pour comporter une 6iectrode de ladite premie plurality d'6lectrodes et 
une ^ectrode de ladite seconds plurality d'dlectrodes. 
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